DG2018-36
LC-MS(C KD

ELER EmODE=

Quantitative analysis of oligonucleotide
therapeutics by LC-MS

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/



JBJ Members

FH &8
Koji Arai

(LSIXAFT1I>R)

e R
Takeo kamakura

(IEFFRRE)

TR 5H
Hidenori Yasuhara

1]
R

(HiA==R3)

falll T4 Al SE
Chihiro Ishikawa Fumio Osaki
(REAREERE) (PARFTSARE)
FUE FF3E ® Eig
Asami Toshima Yoshiharu Hayashi
(FFEEFD >) (529977-3441J7)
tHaH RZ =ik B8

Hiroyuki Yokoi Akira Wakamatsu

(KiIRZE) (5739Y+2329542)

10t JBF Symposium, DG2018-36 2



S10analysiIs Forum

JBF; SEENDRRRE  Activities

& May 2018
v X2 )N\—FE&E Members application

¢ 26 Jun 2018

v FvwOATRE Kick off Face to Face meeting

€Jul 2018~Dec 2018
v TC & X—)LZHAVz&E:w TC and discussion used by E-mail
v 7> — I (Oct 2018) Survey

http://bioanalysisforum.jp/

&®Jan 2017~Feb 2017
v IRAXAS —#4i Posters preparation

10t JBF Symposium, DG2018-36 3




3 }:E% Definition

ADGICH VT DAUELEE FEmDIER

%435 W (S EtFB D EIHINICIRES LAY
AR ELEL, FNVERRENSTT
BIEEAHICIFAHISBDT, {EFSKICKDRE
NS EXEm

http://bioanalysisforum.jp/

wnliii g,
 Shf : EEEEGBORFEEC, ScimaBERidERL & R bg
(BREEEZ R E BT aE MieEREm) |, 5158, 55160, 3-18
(2017)

10t JBF Symposium, DG2018-36 4




ESETOTDE-F—MRAD
BeziE

AN

[ FO1 (2AEDNA)

PIFRYZ

(1 KRS EONAD
mRNA® miRNA [CHRES L
JHEESRR R

LA 3

1) CoGAUT
CpGES— =T 1EREDNA,
TLRS®D U E

2) 2FIMBENA
TLR3GU el

3) 1F#RNA . L R B E
TILR7ar8MU I/ B

Jarget -

v — ﬂiﬁﬂ%& =2
(1 AFRNA/DNA) P\
w

L Lo IREEEIAS, PUEICHE

ﬂﬁaﬁmﬂgﬁ&ELﬁ
‘I IO FIGEDHES

A ER-BmIOp)
(&£ : @R TTIE

i BB s —, BREEERRAAVIRITLAF RO

=

19260, 1

H
g,

F(ICFHIDHED)

FELEIN £67F 25 (2015)

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/



H

BH_ TPos  Tom

LC-MS(/MS)
HPLC-UV

Hybridization-LC-
fluorescence

LBA

gqPCR

SUKE)

infol
]

Zavi%le
(=2J¢ or RI)

5z|:’ A0 %ﬁiﬁ*ﬁ;f Overview

LCH A RS > (CHEEHLA]
51D & DDA OIEE
LCH A RS > (CEEHLA]
51D & DD BEEH O] BE
=RE
51D & DD EEA O] BE
BILIB O (E

LBAT 1 RS > (CEEHLE]
Z2IL—T v bAEW

HIRME N

FHRFIHAEC, fEE

RILIEENR S, RBEREE

RTALIE D KRR
RUEASE

RUEAE

L 2AN
PPEIX

RALIE A (R

E SR (CHF R R
D & DB RIS
HiEZEN S D BIRMENEN
D & DB EIE

RUEAE
G & DD BEN R EE

RIGE R (CHFRE - X I\b‘b‘b‘%
HIERZE I LS OVIIENE

DOIREIEN B D

10t JBF Symposium, DG2018-36

BENE <, A)L—Tw bHEL

http://bioanalysisforum.jp/



I\ A EZE

1BE =2 30kDa

BE < 1kDa BE = 10kDa

FEE x5 t¥Fa INA AT O —$dili
T EE FEFFEERY Bs (CAEHF R ELEELN

O oONNI ST —%
(LC-MS/MS,HPLC,GC)

Uj]/l\ (LBA) ‘(I"I:II:I/
(/ \JUSAME—>3>
+ ELISA, SPR, ECL)

B : ICH S6 XIS, REERROIFHERLZEHZERD, EEmERKSGELF1S KNI -—PI2X,
PMDRS, 46(5), 286~289 (2015)
A BT REEERMOARER(CH T DEMBREFE, F40RRMBEHRGEFESRE (2018)

BEEFER(EPRDFE U TDILE j(,j‘
BKDFEEMm &) 1A A EEEmDYFEZ

O F(CoONMNS I —
FRESDITE i
(LC-MS, HPLC, GC)

O F(EUH>Z K (LBA) #&
aik
(ELISA, SPR, ECL)

ZEEEFEmdBioanalysis
OOX M S T4 —EELBAED ESSEEFE

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/



) LC-MS7% B\ /= iR BE B 2 5 (D T 2

B3 - XD - SARATE

ENFERRTORE
B \— : R & D58
a #?cﬁa[ﬁnn Bioa naly5|5/\0) T
\ ;
@@ LC-MS®D;EH -

RIADRE EXRICD VN Takam

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/



bloanalysis Forum

E%EH_H d)j__ T 7 Topic Themes

LBA & DLEE

~__—

SED=B/BDT—
(LC-MSZRWABEFEmMES

10t JBF Symposium, DG2018-36

DEAMRZ 1S

29 D)

http://bioanalysisforum.jp/



oloanalysSIs Forum

AR

(Sample preparation)

http://bioanalysisforum.jp/

10t JBF Symposium, DG2018-36 10



LC-MS 73#f7(C

W I A5

A

WARS S ERDITH, (LEVIE

= Fm(3E

BLTC,
UL_315§ODﬁ§@a

EPHnY e

zK, ﬂiﬁb¢v

j—
N—

L

>%— b, KEFEOY KN

-

F2EH, U732 BT
DEx

14 -

12 -

10 -

$

> — K Q20KD

S)

2
@

@

2
1H1
AL B
® ® ®

@.H

1
i SN
? ® ©@ ® O

RIIE S EDEs

' %(L_J: '095%031‘2@2 EVNE

EII

@OPOVEO®OWOO I

1B EOVAIE

NI DANENGDD.

AEEBERRGORE (LI3D) (&7

NELANDIIING S
Fv)—FA—)\— (4> 05—[0D)
FvrU—Ad—)\— (&, HSLA)
PUIZEEY) BB DFEIR. @ZEEIE
FIYIEEDIRST,. DWRERRL >
REFFNBELRICED (T LY (2/KEHER)
1S LADER

FT=(CERITDAAS (m/z) OFETFE
T=TFE. QIO A>FTF>2X
BRSO MM A DFE

Z DAt

1BERDINDHE

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/

11



- D1 Y,

JBJ: RERIVIRBILIE FFIE 1ypical Methods

O st 2 /=)L - 200/ LA

O [Ef8FhHE - Oasis HLB, Oasis WAX, Clarity OTX &
O &k + EtEHE
O =it : hER RNA it b, tHE T O0—JF

S BY)ICIR5T 9 BFHIES A ?
O BRI
@ EBihH
3 THIRMDNA/RNAMH T W ~
@ Z&Afth

Ef s AN £

http://bioanalysisforum.jp/

20—~ Q14K D)

10t JBF Symposium, DG2018-36 12




v &
B WORFR S Liquid-Liquid Extraction (LLE)

O B DO h I /ETFE.

O J1 /)T OZRNEL. LD, FREICY> /D
BNSET D EEFIAL, LEOKEEZRINT .

KENRTOL |,

EfJ(CProteinase K LIBT3 & T
He fhEt ol R OFHLIBh DE E D .
- | AL ZHECREEERIRINT 35 —X 6.

Jx /=)L - 200MRILAGTI — EEMIC K O RBRpHN RS
l
XIREE, RODBHEICEE (OkE) ZiER | R (BE, 8, mE)

http://bioanalysisforum.jp/

Mo+ b)b(«.%ﬁg";’
U (OOOAILATENL. XERDET)
Vo (H=eRLRIN. T —JLILER) JT J—)LBE. BREEBNIC

LC-MS
il 10t JBF Symposium, DG2018-36 13




&) Eemits

7£ Solid-Phase Extraction (SPE)

O EZ8D DB

O 96well 51 %
KENZTO )L

SIS EY) ICEEIREDZIER.

TorE & L

J

H>T)L

— K

sSEN—~)YZ/TL—

.|I|n|

12/ \A R)L—Tw MEYCBE LN el gE

Oasis HLB(-1 A > /R7751E),
Oasis WAX, Clarity OTX &

=B (CProteinase K IR B3 & T

o) N ORIIEROZ EEN IE.

(7 NUwW O X(CKE HKF)

2RISR EVRERIRINT D0 — X 6.

I=tE MBI IG S (CSEN.

STERC

=]

UIRWLWVAERRKWEE

DR CESHRROMK CIER.
Jd4 )L —B189 50 —XE.

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/

14



Y iiime + EAEHEE e see

O &R & B ZHAa1DE 2FE.

O E55MN—FADH TIERBERNTDIEE

v DRADS LS, EEI’]LL‘? M CE TR0\

v BIRMENEN
v BEfRIMEEF(CEEE D (itE

S DORERSF)

CTHRHR I DelEeEE

— 2 AW I DT ZE/REIULIE
O )L—T v NMEICKEERERE.

H N B]gEIRT — X 6.

O SPE(Clarity OTX) (X1 X5 w 73

10t JBF Symposium, DG2018-36

http://bioanalysisforum.jp/

15



7.7.7.7; 77.7.77 7'7777 1B

JBR <Ot BILIETFTIE other Preparations

O miEShH Y
L ZEMEL (C (B TEIRONVT —AHE )

O BEEBIEDRE(CKBRST >\ =]
AINEAME S, —REEIC(ZA LS E

O fB##EEET 00— ZFAL\/z Hybridization & é
1 ARSEEE CTEREHIZD D Bioanalysis (2017) 9(23), 1859-1872 5

O 3&Ra A > SbR e — X - E
apid Commun Mass Spectrom.=

IBERMEOIETAR T D ETHIEAE 2011 Nov 15;25(21):3207-15. ~

O /A OONY NS T+ —TDIIE
NS OTE T CTHEHIHD D

10t JBF Symposium, DG2018-36 16




. BILIEDF =

B (Cilc ]

L322 )lz0)$f9|1

O Kol
O BIREAR

[EIURR (CRE

O MSBZ(C K DHEE

O SPEE#MOOY bE

O R (SR
O DD >LDHL

9 DEF

O%5> )\ UfEa
O {EAZEF°U 70> RMIINC K DYDIEZAE

O &

O pLIERR D%

EE

10t JBF Symposium, DG2018-36

1LJ\/\\\ Problems in sample Preparation

http://bioanalysisforum.jp/

17



apdll DloOalialy DT UTrl

JBF ﬁIJLfEO)_%& Problems in sample Preparation

QL5 MR DL ERE M LC-MSTEE 9 DFRD
AR EDREZ R T IZELN

129 11 @ [ERER =
. @ BIBROZLZEMN =
0 ® Y hUVIOIMER 5

8 ; @ X)—Twvk~ S
. 6 ® BEIRM% 2
® TOAt =

4 -
, Zof - RE S

2 - OU—>FwT IS
: . . . 8
@ @ ® @ ® ® =

OZENARETRERE > AE CSNERRELICEND

10t JBF Symposium, DG2018-36 18




JBJ; [OUNZEL Recovery
DG NDER

A [ AR O I | PSSR N (FEUNR (3485 LU0, ]
h

RERNEDBRC, RRFED—IRE U TRILIED
BATY I CHINRZEHT DT —ANHD.

Bz

2D ZEZBREL. EUNESEZBIRICIRET.

http://bioanalysisforum.jp/

Cza
B2 THINIERA .
oINZEOEHBEHRHINEHUWWEDERS.

10t JBF Symposium, DG2018-36 19




FHIRD

LLE

5> )\ Tk LLE + SPE
=B SPE

Methods Type of OGN Matrices Recovery
Simple dilution PS ODNs Mouse plasma 94%
Simple dilution PS ODNs Mouse urine 87-97%
PP with SDS solution and ammonium acetate PS ODNSs 16%
- OGN precipitation with ethanol

~
Enzyme digestion with multicomponent digestion siRNAs duplexes Cell culture and formulated media >95% Q.
reagent E
Enzyme digestion — LLE with phenol/chloroform PS ODNSs Mouse brain, heart, kidney, muscle 50-85% =
(1:1) B
Enzyme digestion — LLE with phenol/chloroform PS ODNs Mouse liver, lung, spleen and tumor 12-75% H(T)
(1:1) )
Enzyme digestion - LLE with phenol/cresol PS ODNs Mouse plasma and tissues (liver, kidney, spleen, 98 +3% %
reagent heart, lung, brain and bone marrow) —
Enzyme digestion — LLE with phenol/chloroform PS ODNs Plasma and urine ~80% 8
/water reagent 'S
LLE with phenol/chloroform (1:1) PS ODNs In vitro incubation of oligonucleotides with human 95% Q

liver microsomes O

dd
LLE with phenol/chloroform (2:1, v/v) with PS and LNA ODNs Mouse plasma 89 £ 2% E
ammonium hydroxide, DTT and DNP
LLE with phenol/chloroform (2:1, v/v) with PS and LNA ODNs Mouse liver and kidney homogenate 92 £ 5%
ammonium hydroxide, DTT and DNP
LLE with phenol/chloroform/isoamyl alcohol Unmodified and PS Vitreous humor 14-40%
(25:24:1) SsiRNA duplexes
LLE with phenol/chloroform (2:1, v/v) with PS ODNs Plasma samples 75.39-80.43%
ammonium hydroxide — OGN precipitaion

PS:phosphorothioate, ODN:oligodeoxynucleotide, LNA:locked nucleic acid

Journal of Chromatography B 1090 (2018) 90-100
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FHIRD LLE

5> )NDE LLE + SPE

fEz=E1b SPE
Methods Type of OGN Matrices Recovery
LLE with phenol/dichloromethane (1:1, v/w) - PS ODNs Rat plasma 70.2-79.4%
SPE with Oasis HLB
LLE with phenol/chloroform (2:1, v/w) - SPE PS ODNs Rat plasma 72.4-85.6%
with Oasis HLB
~
LLE with phenol/chloroform/isoamyl alcohol PS ODNs Human plasma 68-78% C_l,
(25:24:1, v/v/v) - SPE with Oasis HLB E
SPE with Oasis HLB PS ODNSs 21-25% E
SPE with Oasis HLB PS ODNs Monkey plasma 22.8 £ 6.5% HUC—))
SPE with Oasis HLB PS ODNs Rat and human plasma 30-64% g
SPE with Oasis HLB PS ODNs Human plasma 65.2-73.8% g
SPE with Oasis HLB PS ODNs Rat plasma 48% ©
SPE with Oasis HLB PS ODNs Mice plasma 60.8% .
~
SPE with Clarity OTX PS ODNSs Plasma 97% 8
dd
SPE with Clarity OTX MOE RNA gapmer Plasma 76% <
SPE with Clarity OTX PS OGNs Rat plasma >70%
SPE with Clarity OTX 2'-O-methyl, 2'- Rat plasma 90.1%
fluoro siRNA OGNs
SPE with Oasis WAX Unmodified ODNs Human plasma 57.9-67.6%

PS:phosphorothioate, ODN:oligodeoxynucleotide, LNA:locked nucleic acid
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21



FHIRD I+

LLE

PS:phosphorothioate, ODN:oligodeoxynucleotide, LNA:locked nucleic acid

Journal of Chromatography B 1090 (2018) 90-100
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Methods Type of OGN Matrices Recovery
SPE with phenyl-bonded column PS OGNs with MOE Monkeys plasma, urine and tissues ~80%
modifications
SPE with phenyl-bonded column OGNs with MOE Monkeys plasma, urine and tissues <10%
modifications
SPE with Varian C180H PS OGNS Mouse plasma ~80% S
SPE with C2-emore disk extraction plate 2'-O-methyl RNA Rat plasma 79% E
OGNs -
| -
SPE with DEAE anion-exchange extraction plate 2'-O-methyl RNA Rat plasma 55% @)
OGNs q(T)
SPE with strong anion exchange column - SPE PS ODNs Human plasma ~40% g
with reversed phase column - SPE with desalting —
membranes ©
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